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1. TINTRODUCTION

While engaged in a study of solid explosive detonation via small projec-
tile impact, Reference [l], a scheme was developed to theoretically compute
the lowest one-dimensional shock pressure required to initiate reactions
leading to detonation in a solid explosive.

A threshold particle velocity criteria derived by E. R. Fitzgerald (2]
for the onset of crystal lattice disintegration has been shown to agree rather
well with the lowest particle velocity, and hence, shock velocity and/or
shock pressure required to initiate reactions leading to detonation in certain
explosives. In addition, the relation has also been employed to compute the
lattice breakup shock conditions for an inert nonexplosive material, polymethyl
methacrylate (PMMA). This result agreed well with an experimentally observed
shock pressure level; above which shocked thermocouple output increased rapidly
with increased shock pressure.

Similar shocked thermocouple data were also available for one explosive,
PBX-9404. The computed lattice breakup shock pressure for PBX-9404 agrees
rather well with both the pressure level for increased thermocouple response,
and the experimental shock pressure necessary to initiate reactions leading
to detonation.

It is known that a porous explosive requires less shock pressure to ini-
tiate detonation than the same explosive which is less porous or more dense.
It 18 shown analytically and numerically that the shock pressures (or particle
velocity) necessary for crystal lattice breakup also decreases as the material
density decreases. This 1is suggested as an explanation of the observed poros=-
ity sensitivity effect.

Although additional investigation is needed, it is tentatively concluded
that the onset of crystal lattice disintegration is responsible for reactions
leading to detonation of explosions via shock pressure input. Also, it is
physically plausible that crystal lattice fracture is responsible for the
enhanced thermocouple response above a certain pressure level in shocked
materials.




II. FITZGERALD'S CRYSTAL LATTICE FRACTURE OR DISINTEGRATION PARTICLE VELOCITY
CRITERIA

From p..ticle dynamics considerations, Fitzgerald ([2], Chapter IIL) de-
rived the following relation for the velocity of a particle (in a crystal
lattice) necessary to produce lattice disintegration. He called this the
phonon fission velocity, Vg, which is:

Vi +V V12 + 4 x v % Cg
2

Vg = (1)

It is approximately equal to:

Ve =\[V1+Cq (2)

the velocities V; and Cg are defined as follows:

h

1 =334

(3)

= limiting free particle velocity which can occur
without permanent lattice deformation (plastic
flow); or the limit propagation velocity for
particle-momentum vaves in a stationary lattice.

[2 * Ct2 + Cp¢
CS - 6 (l‘)

= A mean sound velocity defined such that the
dissociation energy of an atom of mass, m,
is m Cgq

The quantities appearing on the right-hand side of Equations (Eqs.) (3)
and (4) are defined as follows:

h = Planck's constant

= 6.626196 x 10-27 {gram) (cw?)

sec

dy = Closest distance between the atoms in a crystal
lattice, or the atomic spacing in a slip direc-
tion. Units are angstrom units,
A° (A = 10-8 cm)

m = Mass of one atom, grams.

C¢ = Elastic transverse or shear wave velocity,
em/y - sec

C1 = Elastic longitudinal wave velocity, cm/, - sec




With respect tn V¢, Fltzgerald points out that self-gustained fission is
possible if fragments of the broken lattice strike other lattice sections and
the process is repeated. Then he says: "The explosive nature of certain
fractures may arise from this source,” ([2], p. 81).

ITI. MINIMUM CRYSTAL LATTICE FKACTURE SHOCK VELOCITY AND SHOCK PRESSURE

Consequently, it seemed likely that lattice breakup phenomena could also
initiate reactions leading to detonation in explosives. If so, then V¢ would
be the minimum particle velocity (due to impact or shock) required to cause
detonation for one~dimensional large sample conditions. The corresponding
shock veloecity, Ugz¢, and shock pressure, Pgf, are:

Ugg = Co + S * Vg ()
Pst = po Ust Ve (6)

With respect to Eq. 5, experimental results reveal that the shock veloc~
ity is a linear function of the particle ve'scity for many materials. Co
and S (a constant) have been determined for ms 'y wetals, plastics, and explo-
sives ([3] through [7]). Co is a constant alecn, and is equal to the bulk souand
velocity for most materials. The shock velocity may be a nonlinear function of
the particle velocity for certain substances. In that case, Ug can be found
from tables or graphs of Ug as a function of Up. Table 1 contalns Co and §
information for the shocked explosives and materifals considered in this report.
The sources of this Iinformation are also listed.

Equation (6) is the well known expression for shock pressure. Pgf is
the product of the material density (pg), shock veloclty (Ugf), and the par-~
ticle velocity (Vg).

Numerical values of the three quantities, Vg, Ugf, and Pgf may, thus, be
computed and compared with experimental data for any phenonmena which wight be
assoclated with lattice disiantegration.

The particle fracture velocity V¢, 18 a fuunction of two velocities, Vi,
and Cg, via Eqs. (1) or (2). The computation of V) requires the knowledge of
two quantities, m, and dj. For the compounds and mixtures considered herein,
m is myy, the average welght of a single atom in the material. It is a
constant for a given material and can be computed from the chemical formula or
composition information. The distance d; will be a function of the density or
specific weight (poy) and mgy. It is computed as follows:

Ny w Po _ (Grems) o Atoms (7)
Tay  _cmd cmo
(Grams)

Atom




Considering that each atom, on the average, occuplies a small cube whose
side is d;, then

m
PR (8)
Ny Po
ma\ 1/3
a .<:£§ - en (9)
Po

Thus, from Eqs. (3) and (9):

h (po)t/3 (10)
2 (mav)473

Vi =

Since h is a constant, and for a given material, m,y, is a constant,
then:

Vi =K (00)1/3
(1)

Where:

(12)

2 (mgy)o/3

From Eq. (11), V) will decrease as the dcnsity decreases, or as the
material becomes more porous.

The elastic wave velocities, C} and Cy, will normally decrease as the
consity decreases also. Thus, from Eq.(4), Cg will also decrease as the
mat :rial becomes less dense or more porous.

It follows, then, from Eqs. (1) and (2), that V{ will decrease as the
density decreases or porosity increases.

The shock velocity, Ugg, will be affected by porosity also; not only by
the V¢ or particle velocity contribution (Eq. (5)), but the form of the rela-
tionship may change. In general, the shock velocity will decrease (for a
given particle veloclity) as the density decreases or porosity {ncreases. Note
the characteristics of Tetryl described in [20].

Finally, the lattice fracture shock pressure, Pgy, will decrease via the
product (po* Ugg* Vg) as the density decreases and porosity increases.

The variation of Vg, Ugf, and Pg¢ with material density (py) has an
important implication which will be discussed in Secttion 1IV.

Refinements, with respect to the computation of Vi, appear feasible.
Particular atoms or combinations of atoms and thelr assoclated minimum slip
distances, d1, could be given special attention.




1V. THEORETICAL AND EXPERIMENTAL REACTION THRESHOLD SHOCK CONDITIONS FOR
EXPLOSIVE AND INERT MATERIALS

V¢, Ugg, and Pg¢ were computed for six high explosives and one inert
material for comparison with selected experimental results. The six explo-
sives were: Comp-B3, Comp-B, TNT (pressed), PBX~-9404, Tetryl, and H=-6. The
inert material was Plexiglas II, UVA, which is also called PMMA. The perti-
nent results from the computatlions are listed in Table 2. Reference {7]
supplied vital information (chemical composition, longitudinal and transverse
elastic wave velocities) for the explosives. Refereuce [6] supplied this
information for the PMMA. Appendix A contains the computations for m,, and
dy,, for the explosives and PMMA.

Table 3 1lists the computed Ug¢ and Pgf results along with pertinent
experimental information. Much of the experimental information came from
explosive shock pressure sengitivity tests such as the:

1. Large scale Gap Tests, LSGT [9]

2. Low Amplitude Shock Initiation Tests, LAST [10]
3. Modified Gap Test, (8], [13]

4. Small Scale Gap Tests, SSGT, (19)

Some very important experimental data came from [11] and [12]. Reference
{11} documents a detafled investigation of burning and buildup to detonation
{n pressed TNT. Shock pressures were generated by impacting the explosives
with aluminum plates. The reeults were also employed in {[12] for an analysis
of the critical energy concept. In addition, [12]) also contains shock veloc-
ity information acquired via an explosive wedge technique. This yielded a
significant data point which compared well with Ugs for TNT.

References [l4] and [15) document thermocouple temperature measurements
in shocked matertials. PBX-9404 [14]), and PMMA [15], were instrumented with
thermocouples and shock loaded at various levels via impact. Above a thres-
hold pressure, the theromocouple waximum output increases rapidly with small
increases in shock pressure for both of these miterials. These threshold
pressure polnts are listed in Table 3 along with the computed value for Pg¢.
The magnitude comparison is quite good for the PBX-9404, and almost one-to=-one
for the PMMA.

To facilitate an overall quick visual comparison, Figure 1 {llustrates
both the computed Pgg¢ and the experimental large reaction shock pressure data
referred to above and listed in Table 3. 1In general, Pgf is efther bracketed
by the experimental results or compares rather well with a single experimental
polint.

1t is well known that porosity affects the sensitivity of an explosive to
shock induced detonation. 1In general, less shock pressure is required as the
explosive density is decr=ased or the porosity increases. For examples, see
{9), (Figure 4), aand [li1], [12], and [19). This observed detonation sen-
sitivity phenomena ie believed to be caused by the decrease in V¢, Ugf, and
Pgf as the density decresses. (Section III).




To compute V¢ and hence Ugf and Pge, V] and Cg must be known as a func-
tion of py. V] is easy to compute via Eq. (10). Cg is a function of Cj and
C. and these wave velocities will vary with po. Sources for Cj and Cy as a
fuuction of density for the materials considered herein were unknown to the
authors.

Thus, strickly speaking, precise or consistent values of Cg, V¢, Ugf,
and Pgg as a function of material density could not be computed. However,
for Tetryl, a consistent computation was made for one density (po = 1.68
Grams/cc) aud an approximate computation was made for another density (p, =
1.50 Grams/cc) (Table 2). V) was computed correctly, but Cg was the same for
both densities since C; and Cp for pg = 1.68 Grams/cc was utilized in each
case. This makes Vg, Ugg, and Pgg slightly high for the more porous Tetryl
(po = 1.50 Gram/cc). Pgf for both of chere densities is plotted in Figure 2
where they are compared with both LSGT [9] and SSGT [19] vesults. The com-
parison is quite good, even though Pgf for p, = 1.5 Grams/cc {s somewhat less
than showr.

Figure 3 compares the single Pgf point computed for TNT (pg = 1.635
Grams/cc) with zvailable reactive pressure test results acquired for varlous
densities. Pgg¢ is less than the comparable equal density SSGT and LSGT
results. However, Pgg agrees rather well with the reactive (Pg) and detona-
tion threshold (Pp) pressure results vreported in [11] which was acquired via
aluminum projectile {mpact testing.

V. CONCLUSIONS

Although this is certainly not an exhaustive investigation, enough infor-
mation lias been presented to indicate that the threshold shock pressures re-
quired to initiate reactions leading to detonations in explosives may be
related to a critical particle velocity, V¢, sufficient to cause crystal lat-
tice fracture, breakup, and disintegration. Theoretical and experimental
results have compared rather well for six high explnsives.

The trend of the experimentally observed minimuw shock pressure to ini-
tiate detonation in explosives as a function ¢ density is consistent with
the variation of the crystal lattice fracture shock pressure, Pgg, with
material density. It is shown analytically that lgy decreases as density (pg)
decreases, and it 1le known via experiments that the shock magnitude to cause
detonation decreases as the explosive becomes more pcrous [9] and (19). Pgr
computations compare reasonably well with experimental resulrs.

In addition, it hase been shown for two materidls (PBX--9404 and IMMA) that
the shock level at which a greatly enhanced thermocouple output was ovbserved
coincides rather well with the computed latti:ze tractuvz chock pressure, Pgg.
In fact for FBX-9404, Pge, Pp (detonation thresheld), and Pp (thermocoupie
reaction threshold), are all relatively close together. Thug, it is strongly
suspected that lattice disintegration and eclf-susrained phonon flssion cause
the noticeable increase in temperature and this creates chemlical reactions
which quickly escaluate to dercenatina. Coasequently, it is suggested that
other explosives, pavticularly preased TNT and Tetryl, be irnstrumentzd with
thermocouples and tested in the same wanner as delineated 1in [14] and [15].
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It 1s very plausible from a physical viewpoint that crystal lattice dis-
integration would cause an observable reaction in shocked solids. The rather
limited results of this investigation indicate that this phenomena may be
responsible for shock induced detonation of solid explosives, and the rather
large thermoelectric response of shocked solid materials. Certain observed

phase changes in shock loaded materials may be caused by crystal lattice dis-
integration.

VI. RECOMMENDATIONS

Some recommendations for additional work have already been made, either
explicitly, or implicity in the previous sections. For easy reference, these
are restated here and some additional recommendations are made.

A. In addition to PMMA (Plexiglas II, UVA), [1l5] also contained thermo-
couple response inforwation for a shocked epoxy, EPON 828. A threshold pres-
sure for enhanced thermocouple output was observed for this material. For
comparison, Vg, Ugg, and Pgf should be computed for EPON 828. This will be
done as soon as possible.

B. In a manner similar to that described in [14] and [15], Comp-B3,
Comp-B, pressed TNT, Tetryl, and H-6 should be instrumented VIth,thermocouples
and shock loaded at various lecvels. If the present postulations are valid,
these explosives would exhibit an increase in thermocouple response near the
Pgg pressure level.

C. Tests have been conducted on pure metals {(iron, copper, and aluminum)
which were instrumented with thermocouples and shock loaded to rather high
pressures via impact [16] and [17]). Similar tests should be systematically
conducted at lower shock pressures (30 to 150 kilobars) to ascertain if they
exhibit a thermocouple output pressure threshold response point such as ob-
served for PMMA and PBX-9404 near the computed Pgf magnitude. Vg values for
iron, copper and aluminum are given in [2]. Shock and particle velocity
information (Co and S) for these metals are given in [3]. Thus, Pg¢, for
iron, copper and aluminum can be computed and compared with any appropriate
experimental results. This would provide a severe test for the crystal lat-
tice fracture shock pressure, Pgf¢, criteria.

D. Information on the variation of the longitudinal (Cj;) and transverse
(C¢) elastic wave velocities as a function of density for certain explosives
should be acquired, via experimentation 1f necessary. Information on the
variation of Ug, Vg, and U, as a function of density is also required. Then
exact values of Vg, Uge, and Pg¢ as a function of density could be computed
and compared with experimental data such as shown in Figures 2 and 3.

E. The computation of V; via Eq. (3), could possibly be refined to take
into account atoms and combinations of atoms, and their associated minimum
crystal lattice slip distance, which might warrant special attention. This,
of course, applies to compounds and mixtures. In the present investigation,
average values were computed for the mass of an atom and the distance between
them. See Appendix A for these calculations. More sophisticated computations
of mgy, and d;, should be attempted, for example, to delineate differences in
heterogeneous and homogeneous materials.




F. Permanent lattice distortion or plastic flow occurs for particle
velocities between V| (Eq. (3)) and Vg (dq. (1)). Consequently, reactions in
explosives (ignition, buraing, and even detonation) can occur in this regime.
This is a prime topic for further investigation.

G. The present analysis has not addressed any transient or time depend-
ent phenomena such as the critical energy criteria [18]. However, an investi-
gation, based on concepts presented in [2], should be done to ascertain {f the
observed time dempendence 1s related to the particle wave motion in a lattice
structure.

H. Reference [21}, with its comprehensive review and reference list, 1is
a prime source of topics which should be investigated with respect to shocked
crystal lattice disintegration influences. For instance, the authors believe
that certain solid-stated shock induced phase changes [22], and shock induced
increased chemical reactivity [23], may be caused by the crystal lattice frag-
mentation phenomena. Lattice breakup and its accompaning self-sustained phonon
fission and increased heating are plausible physical conditions for phase
changes, increased chemical reactivity, and different electronic character-
istics to occur.




TABLE 1. Shocked Matevial Infovmatiou.

MATERIAL po co s SOURCE
Grams cn - -
cm3 u-sec

Comp-B3 1.700 0.303 1.73 Ref. [4]
Comp-B 1.700 0.295 1.67% Ref. {4]
INT (Pressed) 1.635 0.208 2.35 Ref. (5]
PBX~9404 1.842 0.245 2.48 Ref. [5)
H=6 1.750 0.283 1.70 Ref. (7]
Plexiglas II, 1.180 0.268 1.61 Ref. (6]
IVA (PMMA)

Tetryl 1.70 0.2476 1.416 Ret. [20]
Tetcyl** 1.50 0.020 4.50 Ref. [20]

*S was modified from 1.58 to 1.67.

** For this density, Ug versus Up for Tetryl is nonlinear, however, for shock
velocities less than 0.19 cm/y-sec the above linearization matches the ex-
perimental data.
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TABLE 3. Theoretical and Experimental Reactive Shock Information Tabulation.
| Material | ngg Pgf Exper. Exper. Remarks WRT
Data Source Exper. Data
TABLE 2 | TABLE 2
- cm KBar cm/y~sec - - -
u-sec or
KBar
Comp-B3 0.3751 26.59 Pp = 22.0 Ref. 9 Critical detonation
po =1.71 (TABLE 11) | initiating pressure
G/cc from LSGT* p5 =
1.72 G/ce
Pr = 33.0 Ref. 10 Large reaction
(Fig. 7) threshold in LASI
testg¥*
po * 1.702 G/cc
Comp=~B 0.3631 25.16 Pp = 24.1 Ref. 9 Critical detonation
po *'.71 (TABLE 11) | initiating pressure
G/ec from LSGT. o, =
1.70 G/ce
TNT 0.2959 18.09 PR = 14.0 Ref. 11 Coarse Grain
(Pressed) (Fig. &) po ™ 1.55 G/ce
po = 1.635
G/ce PR = 15.0 Ref. 11 Fine Grain
Pp = 16.1 (Fig. 4) po ™ 1.55 G/ce
Ug = 0.31 Ref. 12 Assymtotic shock
(Fig. 10) velocity for both
coarse and fine
grains. py =
1.55 G/ce
Pg = 24.0 Ref. 9 Py from LSGT.
(App: C) po = 1L.60 G/cc
(97% TMD)
Py = 26.0 Ref. 9 P, from LSGT
(App. C) bo ® 1.640 G/cc
(99% T™MD)
Pgr = 20.0 Ref. 13***/ Reaction, Mod. Gap
(Fig. 5) |Test, pg = 1.60 G/cc
(TABLE 2)
Pgp = 25.0 Ref. 13 Detonation, Mod. Gap
to (Fig. 5) |Tests, py = 1.50
30.0 (TABLE 2) G/cc
PBX-9404 0.3469 26.16 Pgp = 30.0 Ref. 14 Large Reaction thres~
po = 1.835 hold for thermocouple
G/cc response p, = 1.84
G/cc
Pg = 16.0 Ref. 8 Burning, p, =
(TABLE 2) 1.83 G/cc
Pp = 34.0 Ref. 8 Detonation,
(TABLE 2) |py, = 1.83 G/cc
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TABLE 3. Theoretical and Experimental Reactive Shock Information
Tabulation. (Continued)
Material Ugf Pgi Exper. Exper. Remarks WRT
Data Source Exper. Data
cm/y~sec
- cm KBar ot - - -
p-=sec KBar
H~6 0.3494 23.87 P8 = 21.0 Ref. 10 Pg from LSGT
po *1.75 (TABLE 2) (TABLE 2) (Fig. 9) po = 1.77 G/cc
G/ec
Py 40.0 Ref. 10 Large reaction |
(Fig. 9) threshold in
LASI tests
po = L.77 G/cc
P, = 20.0 Ref. 9 Pg from LSGT
(App. C) po = 1.76 G/cc
PRESSED H-6
Pg = 30.0 Ref. 9 Pg from LSGT
(App. C) po = 1.75 G/cc
Cast H-6
Plexiglas 0.3510 21.36 Pgp = 20.0 Ref. 15 Large Reaction
I, UVA (TABLE 2) (TABLE 2) (Fig. 5) Threshhold for
(PMMA) thermocouple
output.
po = 1.18 bo = 1.18 G/cc
G/cc
Tetryl 0.2959 17.00 Pg = 15.5 Ref. 9 LSGT, Estimated
po ™ 1.68 (TABLE 2) (TABLE 2) (Fig. 4) pc ® 1.68 G/cc
G/cc
Pgog = 17.5 Ref. 19 SSGT,**%* Exp.
Data
(P. ClAl) | p, = 1.687 G/cc
Tetryl 0.1794 9.53 Pg = 10.0 Ref. 9 Pg from LSGT
po ™ 1.50 | (TABLE 2) | (TABLE 2) (Fig. 4 06 = 1.491 G/cc
G/cc and
App. C)

* LSGT -~ Large Scale Gap Tests (Ref. 9).
*k  LASI -~ Low Amplitude Shock Initiation Tests (Ref. 10).
k%  Reference 13 states that Pgp (Reaction Pressure) is sufficient
to cause detonatlion, if the specimen is large enough.
SSGT - Small Scale Gap Tests (Ref. 19).

*hk i
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APPENDIX

COMPUTATION OF m,, AND dlav FOR CHEMICAL COMPOUNDS

AND MINTURES OF COMPOUNDS




The solid materials considered in this study were either chemical com-
pounds (INT, Tetryl, and PMMA) or mixtures of cnemical compounds and pure
elements. For these compounds and/or mixtures, the weighted average mass,
may, of a single atom in the material was desired.

First, it was necessary to compute the mass of a single atom for each of
the elements contained in the solid. Each solid was composed of one or wmore,
but not all, of the following elements:

Carbon, C; Hydrogen, H; Nitrogen, N;
Oxygen, O; Aluminum, Al; Calcium, Ca;
Chlorine, Cl; Phosphorous, P; Flourine, F.

The mass of a single atom of chese clements is:

MW Grams/Gram=-Mcle
Nay Atoms/Gram-Mole

. Grams (A-1)
Atom

Where:

Grams
Mol 1 W £, ——
olecular Weight, Cram—toie

F

Avogadros Number

Atoms

23 =
6.02217 x 10 Gram-Mole

Table A-1 lists MW and m for each of the elemen®s in the above list.

To compute the average weight (myy) of an atom in the material, the chemi-
cal formula ox propcrtional chemical compesition must be known. Of course,
the weight {m) of each elemental atom must also be known, since mgzy, is just a
weighted average of the elemental atoms i{n the material.

When wmzy is computed, then the average space between atoms (dlav) is given

by Eq. (9) in the main text.
/3
madj
dy. = {—)= cm
* (°° (9

Computations of myy and d) v for the materials considered in this analysis
are shown in the foullowing text. Chemical composition information for the
explosives was obtalned from (7). Siwmilar information for the ipert material
(PMMA) was found in [6]. Values of Ny, and MW are from various chemistry
textbooks and handbooks.




TABLE A-1l.

Mass Of A Single Atom For Selected Elements.

Element MW Nav m
_ Grams Atoms Grams

Graa-Mole Gram-Mole Atom
Carbon, C 12.011 6.02252(1023) 1.9943(10723)
Hydrogen, H 1.008 0.1674(10723)
Nitrogen, N 14.008 2.3259(10°23)
Oxygen, O 16.00 2.6567(10-23)
Alunminum, Al 26.98 4.4800(10-23)
Calcium, Ca 40.08 6.6554(10723)
Chlorine, Cl 35.45 5.8874(10723)
Phosphorous, P 30.97 5.1432(10723)
Flourine, F 18.9984 3.1546(10723)




Comp - B3: po = 1.70 Grams/cm3

Chemical Composition: C2 g5 H2,51 N2.15 02.67

C2.05,
H2 .51,
N2.15,

02.67,

d18V N

dlav N

4.0884 (10723)

2.05 * 1.9943 (10723)

0.4201 (10~23)

2.51 * 0.1674 (10723)

5.0008 (10~23)

2.15 * 2.3259 (10™23)

7.0943 (10723)

2.67 * 2.6567 (1023)

9.38 Atoms 16.6027 (10-23)

16.6027(10723)
9.38

1.7700 (10~23) Grams
Atom

Bay _ 17.700 (1072%)

Po 1.70
10.4118 (10™2%4) cm3

2.1839 (1078) cm

Comp -~ B: pg =1.70 Grams/cm3

Chemical Composition: Cp.03 H2.64 N2.18 02.47

2.0% * 1.9943 (10723) = 4.0484 (10723)

0.4419 (10723)

2.64 * 0.1674 (10-23)

5.0705 (10~23)

2.18 * 2.3259 (10™23)

2.67 * 2.6567 (10723) = 7.0934 (10723)

9.52 Atoms 16.6542 (10-23)

_ 16.6542 (10723)

9.52

1.7494 (10723) Grams
Atoms

A-3

Grams

Grams

Grams

Grams

Grams

Grams

Grams

Grams

Grams

Grams




g3 . Rav 17.494 (10-24)
lav 5, 1.70

= 10.2906 (10-24) cm3

dp,, = 2-1751 (10°8) cm

INT: po = 1.635 Grams/cad

Chemical Composition: Cj7 Hs N3 Og

13.9601 (10~23) Grams

C7, 7 * 1.9943 (10723)
Hg, 5 % 0.1674 (10723) = 0.8370 (10723) Grams

6.9777 (10~23) Grams

N3, 3 * 2.3259 (107%3)

15.9402 (10723) Grams

0g, 6 * 2.6567 (10723)

71  Atoms 37.7150 (10=23) Grams

37.7150 (10-23)
21.0

Ogy
= 1.79595 (10723) Grams
Atom

g3 . AV 17.9595 (1072%)
lav =~ po 1.635

a 10.2344 cm3

dy,, = 2:2229 (108) co

A-4




PBX - 9404: p, = 1.835 Grams/cm3

Chemical Composition: Cyp,40 H2.75 N2,.57 02,69 Clp.03 Po.o1

2.79202 (10723) Grams

Ci.40 1.40 * 1.9943 (10723)

0.46035 (10-23) Grams

Hy,75 2.75 * 0.1674 (10723

5.97756 (10~23) Grams

Np.57  2.57 * 2.3259 (10-23)

7.14652 (10'23) Grams

02.69 2.69 * 2.6567 (10-23)

0.03 * 5.8874 (10723) = 0.17662 (10~23) Grams

C19.03

Pg.o1 0.01 * 5.1432 (10723) = 0.05143 (10-23) Grams

9.45 Atoms 16.60450 (10~23) Grams

. 16.6045 (10723)
9.45

av

- 1.7571 (10~23) Grams
Atom

3 Dgy  17.571 (10~24)
dlav - Po - 1.835

= 9.5754 (10724) cp3

dp,, = 2.1235 (1078) ca

H=6: po = 1.75 Grams/cm3

Chemical Composition: Cj,gg Hp,.59 N1.61 02,01 Alo.74 Cag.005 Clo.009

Cl.g9  1.89 * 1.9943 (10723) = 3.7692 (10-23) Grams

Hy.59  2.59 * 0.1674 (107243) = 0.4336 (10-23) Craums

Ni.g1  1.61 * 2.3259 (16-23) = 3.7447 (10723) Crams

02.01 2.0l * 2.6567 (10~23) = 5.3400 (10723) Graums

Alg,74  0.74 * 4.4800 (1023) = 3.3152 (10-23) Graoms

Cap,p05 0.005 * 6.6554 (10™23) 0.0328 (10723) Grauws

A-5




Clp.0p9 0.009 * 5.8874 (10723) = 0.0530 (10723) Grams

8.854 Atoms 16.6885 (10723)  Grams

16.6885 (10=23)
8.854

- =23, Grams
1.8849 (10723) ==
3 Davy  18.849 (10-24)

. - .
lav = = .75

= 16.7712 (1072%4) cm3

dy,, = 2.2085 (1078) cm

TETRYL: oo = 1.68 Grams/cm3

Chemical Composition: C7 Hs N5 Og

C7, 7 * 1.9943 (10-23) =~ 13.960% (10~23) Grams

0.8370 (10~23) Grams

Hs, 5 * 0.1674 (10-23)

11.6295 (10723) Grams

Ns, 5 * 2.3259 (10-23)

21.2536 (1023) Grams

Og, 8 * 2.6567 (106-23)

25 Atoms 47 .6802 (10‘23) Grams

_ 47.6802 (10-23)
25

av

1.9072 (1023)

3 Pav _ 19.072  (10724)
av fo 1.68

11.3524 (10™24) a3

2.2475 (1078) cm

a.
—
L}



POLYMETHYL - METHACRYLATE (PMMA)
(PLEXIGLAS TYPE II, UVA)

po = 1.18 Gram
cm3

Chemical Composition: (Cs Hg 02)N

Cg, 5 * 1.9943 (10723) = 9.9715 (10~23) Grams

Hg, 8 * 0.1674 (10723) = 1.3392 (10723) Graws

07, 2 * 2.6567 (10=23) = 5.3134 (1023) Grams

15 Atoms 16.6241 (10723)  Grams

_ 16.6241 (10723)

m
av 15.0
= 1.1083 (10723) Grams
Atom
3 May  11.083 (10724)

9.3924 (10724) cn3

2.1099 (10°8) cm

o.
—
R
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